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Tbls article is W¢ flrst in a three- NPDES’stormwater runoffdischarge .Over the years, based primarily
part series on We subject of ~rb~n permits. The USEPA’s . curren~ on hydraulic considerations, a num-
stormw~ter ru~off. P~rtldlacusses stormwater quality managementbet of structural BMPs have been
the re~$ons wiT/tbls category of program calls for stormwater- developed for allegedly con~rolling
sformw~t’ei;<runoff sbou/d be regu- caused "pollution" to be controlledwater pollution from urban

lated differently than municipal to the maximum extent practicable stormwater runoff. Detention basins, .

and industrial wastewate~. (MEP) through the use of best man- grassy swales and other vegetative
agement practices (BMPs). However, areas and tnt’dtration areas are often
this term, maximum extent ptactica- promoted as BMPs for this runoff.

T he amended Clean Water Act, hie, has not yet been defined by Con-However, as discussed later, a criti-
reauthorized by Congress ingress, the USEPA, or state or local cal review of the potential effects of
1987, mandated that the U.S. agencies, stormwater runoff-associated chemi-

Environment~ Protection Agency A wide range of views on w. hat cal constituents raises significant
develop a National ’Pollutant Dis-. MEP means exists. Some peoplequesfionsaboutwhetheradetenflon
charge ~mination System (NPDES) advocate that MEP means achievingbasin is, in fact, a treatment system
permit program for urban stormwa- water quality standards at the edgefor removal of pollutants in urban
tdr runoff discharges. The initial of the mixing zone for the stormwa- stormwater runoff. A number of the
phase of this program was to beter runoff. Others maintain that good issues associated with developing
devoted to ui-ban areas with popu-housekeeping at industrial sites andtechnically-valid, cost-effective
mions greater than 100,000. Fur-proper street sweeping and litterapproaches to the evaluation and
ther, industries and consthaetionpick-up practices in urban areas aremanagement of urban and industrial
sites were required to obtain. adequatc BMPstoachieveMEP. stormwater runoff-caused water

t ike r~bst of the older large cities the United"
States, Milwaukee, Wisconsin, tins many miles at"
sewerage which must collect stormwater, along

with domestic and tndustr~ wastewater, and send the
combination to treatmeat plants. The photograph
shows a section of the 17-mile tunnel tha~ h~ been
constructed 500 ft belo.w the city to act as both storage
and conveyance for the massive volumes of mixed"
sewage and stormwater that collect after ~ events."
The system hag been in use for almost two years and "
was designed to reduce by over 90 percent the hum- -
bet of combined sewer overflows which Occur in the.’
metropolitan region in the course of a yea/. It is heavF".
ly instrumented, a coaditioa which witt assist ci~ s.taff
in dealing with the warious regulations that apply t6
water quality, including those intended to’c0ntrol the.
makeup of stormwater runoff from’industri~ ifistitu:~.
tonal and resxdential surface areas....;.,

: .".’.2-~."
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quality hnpairments are reviewed in designated beneficial uses. One ofstituents. Typically these receive
this fast article, these is the paniculate matter pre-the greatest attention in urban

sent in stormwater runoff. Suspend- stormwater runoff quality manage-
Storntwat6r Runoff Pollution ed and deposited sediments canment programs. Chemical con-

The USEPA’s stormwater man.affect water quality in ways not relat- stituents exist in aquatic systems .in
agement regulations specificallyed to the chemical characteristics ofa variety of chemical forms, only
delineate that urban stormwaterthe particulate matter, which cansome of which are toxic-available
runoff management programs con-cause filling of the water body and therefore can be adverse to
trol pollutionofwaters. Pollution is receiving the stormwater runoff, aquatic life and to other designated
defhaed ha these regulations as wellThis, in turn, can interfere with nay- beneficial uses of a waterbody.
as in the Clean Water Act and ha igation and change the characteris-With few exceptions, it is the dis-
many state regulations as thetics of the water body. The settled solved forms that are toxic-avail-
impairment of the designated bene-
ficial uses of the waterbodv receiv- .~ ..- . .. .¯ ~ -;.~-,~;.~’:~’.:’^~. 3 " .’. ¯ ¯ing the stormwater runoff. In .~ ¯ ..,,..-. ~ ¯:
accord with the 1972 amendments between pollutants and non-
to the federal regulations governing stormwater runoff, management programs.
water pollution control ha the US ..’: "’~.,. : ..’ .
(PL 92-500),. all waterbodies in the ...-" : :!°~
United States were to be classified
with ’respect to their designated particulate matter also can adverselyable. While this has been "known for
beneficial uses. Uses such as domes-impact fish and aquatic life ttL,’ough over 25 years, the USEPA recently
tic water supplies, propagation of smothering of organisms and alter-acknowledged this situation ha its
fish and aquatic life, recreation,hag their-habitat. Particulate canguidance for regulating heavy met-
agricultural and industrial water ~up-.affect the optical properties of the als ha ambient waters, where the
plies, navigation, and waste heat dis-waterbody by causing turbidity Agency now recommends that the
sipation, etc., are typically consid- which can hafluence the aestheticdissolved heavy metal concentra-
ered. The 1972 regulations estab-quality of a water body and the pho- tion be used as an indicator rather
lished as a national goal that all waters tosynthesis that may take place than total heavy metals. The panic-
of this country should be ."fishable there, ulate forms such as those that may
mad swimmable." Normally, propaga- The second major group of con- be removed in a stormwater deten-
tion of desirable fish and aquatic ~ife stituents of concern in urban tion basha normally are non-toxic
and bo.dy contact recreation (wading stormwater runoff which may and non-available. This same situa-
and swimming), and of fresh w~teradversely affect designated benefi- tion also applies to most other
domestic supplies, require the high-cial uses is made up of pathogenicchemical constituents in stormwa-
est qu.~lity, organisms, especially the entericter runoff and other sources of

PL 92-500 also established as awaterborne pathogens. (bacteria,chemical constituents. It is for this
national goal zero pollutant dis- viruses or protozoans). These reason that stormwater detention
charge. This was supposed to beorganisms are of concern becausebasins are .typically not effective in
achieved by the mid 1980s. It isthey. can affect the quality of removing chemical pollutants.
important to emphasize that thisdomestic water supplies, as well asThey, however, can be effective in
goal was not zero chemical con-the sanitary quality of water used removing suspended sediment. The
stiruent discharge, i.e.,the equiva-for contact recreation. While typi- impact of these particulates
lent of distilled water. Instead it tally in the past the sanitary quality removed in a stormwater detention
focused on controlling those chem- of a water has focused on fecal col-basin is not related to the chemical
ical constituents which in fact iforms, today increasing attention is characteristics of the sediment.
cause pollution. ’ As discussed given to the enterovirnses, especial- Another factor to be considered
below, it is important to distinguish ly the cyst-formhag protozoans such ha evaluating the potential water
clearly between pollutants and non- as Cr~’ptosporidium and Giardia.quality, effects of chemical con-
pollutants in developing stormwa- It is now well "known that water stituents in stormwater runoff is the
ter runoff management programs, meeting the coliform standard forduration of exposure that aquatic

The 1972 " federal regulationscontact recreation or domestic’ organisms can receive in the receiv-
required the USEPA to develop water supplies is not necessarily i.ng waters for stormwater rundff.
water quality criteria which would safe for consumption or contact The shorter the duration of expo-
serve as a basis for state water quaf-recreation since the enterovirusessure, the greater the concentration
ity standards that when achieved and the protozoan cysts are moreof toxic-available forms that can be
will be protective of designare.d difficult to control by chlorine dis. present without adversely impact-
beneficial uses of water bodies, infection than the coliforms, ing the designated beneficial uses

Three types of constituents in Third on, the list of concern in a waterbody. Because of the short-
urban and industrial stormwater terms, of potentially causing term, episodic nature of’ most
runoff have the potential to cause impaired use of receiving waterstormwater runoff events, much
wate~pollution, i.e., impairment ofbodies are the chemical con-higher concentrations of chemical
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¯ constituents can be [}resent than related beneficial uses, the chemi-failed to determine the water quali-
~ the worst-case or near worst-casecal constituent, either alone or in ty effects of the elevated concentra-

USEPA criteria and state water qual-combination with other chemical tions of chemical constituents pre-
it), standards, and still protect the compounds, must adversely affect sent in the runoff samples investi-
designated beneficial uses of the the numbers, types and/or charac-gated. This was a significant deft-
water body. teristics of desirable aquatic life. ciency in the NURP studies which is

Typically today, those working in still adversely influencing the cost
Unreliable Reporting of Water Quality Slg- the urban stormwater runoff watereffectiveness of stormwater runoff
niflcance . quality field inappropriately label as quality evaluation and management

Unfortunately the USEPA and pollutants all chemical constituents programs.
state regulatory agencies responsi- in runoff that have been found to be Based on the large amount of
hie for conducting the National pollutants in other situations. It is reliable information that has been
Water Quality Inventory in which totally inappropriate to assert that a developed, and the basic principles

of aquatic chemistry, aquatic toxi-

~~-.:~...~.t:!~$~;~:~-:. :....- :, _ ,’: ¯ " . " ¯ -. cology and water quality, evaluation
~~~..’.~.~.~.-~ ~.’~_~.r.~.~’:7~..~.~�-,~’~, "..:-.-. -.-o..-’~ ¯ ....¯ .. and management, it is more techni-
~:~.~.f~&ll~m th~ past tho samtary quality of a water has foCusedcally valid to assume that chemical
~L~.On~.~_~l¢~9~i~orms~toda¥. inereasm~i att~ntion ls oiwn to thoconstituents in urban stormwater
~.’.~,~tt~-~ .~:~ . ...~,~-.*~ ¯ .-.~.- ".. " ¯ -- ¯
~i~te~ru .~.$~,,~..p~¢lall~.:. tho~¢yst-formintj protozoans such asrunoff normally considered to be
~.~t~.~,L~_~ttiumandGlardla~_’:21~,,~_~’,;;’.-..7..-.-~-.:.’,T,.=-:- -.. . pollutants are, in fact, non-poilu-¯ ¯ ~..’.:.~ *~’~,-~to--~.~-~-...~- -~. -.--"~~.,~a,.~... ;~t. ~.,., ...... ,’o. rants. While typical runoff from res-~~;.~’~w.,-.:.,.:--.-.: -.....- :. ’~-- ¯

idential and commercial areas con-
tain~ a wide variety of chemical

urban stormwater runoff is rankedchen~ical constituent, such as cop- constituents at concentrations
as the second most important causeper present in highway or streetabove USEPA water quality crite-
of water quality impairment in therunoff, adversely impacts the desig- ria/state standards, it is rare that
counu-y have been providing unxeli- nated beneficial uses of the watersuch examples result in significant
able information to Congress andbody receiving this runoff because impairmen.t of the designated bene-
the public on this issue. 3, criticalcopper from a different source,ficial uses of the water bodies
review of how this ranking was such as in plating or mining wastes, receiving the runoff. This situation
developed shows that it was is a pollutan~ in some other waterarises from the fact that most of the

¯assumed that any parameter valuebody. This is technically invalid chemical constituents in runoff
¯ outside a w.ater quality standard inand can result in a massive waste offrom residential, street and high-
the receiving waters for an urbanpublic and private funds assigned to way, and commercial areas are in
stormwater discharge represented acontxol chemical constituents by non-toxic, non-available forms. Fur-
water quality use impairment. Asvarious types of structural BMPs, ther, because of the limited dura-
discussed here, and as is welle.g., storm, water detention basins,tion of exposure that desirable

¯known, significant excursions that will have little or no impact on aquatic organisms,can receive near
beyond water quality standards of the rec.eiving water quality, points of runoff discharge, even the.
the type available today can and do Beginning in the 1960s, severalfailure of such discharge to meet
occur without any impairment of studies were conducted in various state standards for toxic-available
the designated beneficial uses oflocations in-the United States which forms in typical runoff will not
the water bodies in ~which thedemonstrated that urban stormwa-result in a significant impairment.

¯excess occurs, ter runoff contained chemical con- Therefore, it is appropriate to
stituents at sign.ificantly elevated regulate chemical constituents in

Chemical Constituents vs. Pollutants concentrations compared to most urban stormwater runoff differently
Significant t~roblems exist today ambient waters. In the late ’70s andthan the approach that has been

in the stormwater runoff waterearly ’80s, the USEPA conducted.aused for municipal and industrial
quality evaluation and management. National Urban Runoff. Programwastewaters. Failure to take the dif-
field due to the fact that many of (NURP) in Which studies were ferences into account can result in
the individuals wor "Idng in this field undertaken-in, several cities acrosslarge-scale waste of public and pri-
do not distinguish or properly dis- the country that involved monitor- vate funds applied to contr61 chem-
tinguish between inert chemicaling chemical constituent concentra- icals in stormwater runoff that have
constituents (non-pollutants) and tions in stormwater runoff. It was little or no effect on the designated
pollutants. For a chemical con-known at the time the NURP stud-" beneficial uses of the specific
stituent in stormwater runoff to be ies were initiated (from the workreceiving waters.
a pollutant, it must be present indone in thd ’60s), that chemical While the focus here is on urban
the water body receiving that constituents in urban stormwater stormwater runoff, thes~ same
runoff in sufficient concentrations runoff typically were associated issues are equally applicable to rural
of availabl~ forms for a sufficient with particulate matter and wereand industrial stormwater runoff.
time to be adverse to the designatednon-toxic and non-available. How- To require, as is being done today,
beneficial uses. For aquatic life-ever, the Agency’s NURP studies that rur~off from industrial proper-
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implementing
Urban Stormwater Runoff Quality

Management Regulations
Lee, G. F. and Jones-Lee, A., "Implementing Urban Stormwater Runoff Quali~y

_ _ Management Regulations, "WATER.~Engin~ring & Management 14__~2:38-41

This is the second in a "series of~ he state of California is recog-region~ water quality control
three arttaes on urban s~ormwater !       nized as being among the lead- boards which regulate urban
runoff. In the March ~sue of WEM, ers in the United States in stormwater runoff within the state,
Part I discussed the need to regulate developing consensus approachesmunicipal stormwater dischargers,
urban, industrial and, for that mat- for implementing the federal andrepresentatives of various industrial
ter, ruralstormwater runoff quality state stormwater runoff quality and trade associations, environmen-
differently than the approach that management regulations. This lead-tal groups, consultants, academia,
was and is being used for munta- ership role evolved out of the State the California Highway Depart-
pa/and tndustria/u~astewater dis- Water Resources Control Boardmerit, and vat’ions county highway
charges. 7he second Imrtfocu~es on(SWRCB) working with a number ofdepartments and othen interested
some evolt~ng concepts that reco~-stormwater qualit7 managementin the urban stormwater issue. Par-
nize the need for different regulato- entities to develop a cooperative ticipation in task force activities is
ry thinking. Also, attention is given approach toward stormwater qualt-open to anyone who is interested.
to the regulation of chemical oTn- ty evaluation and management--anThe task force is organized through
sti~uents in ~ediments a~oaatedaction promoted through the state’s the California chapte~ of the Amer-
with stormwater runoff. Stormwater Quality Task Force. ican Public Works Association.¯

This task force consists of mere- The group assisted the SWRCB in
bets of the SWRCB along with developing early NPDES permits for

This stormwate~ drain is like thousan~ of others amoss the counffy.--with one notable difference. Reade~ may recognize in the background the famous tower and
~he stan~ along [he finishing straightaway at the Inc~napolis S~eedway, S~rmwafe~ IPat enlem th~ drain 1o~ most of the year probably Ls rather innocuous. But
when the race cars are there during the sp~ng, throngs of people and their vehicles ~sit the site for the events leading up to the big race, the race .itseff, and its
aftetraa~. ~ runoff generated by a raJnslocrn in that pe#od could contain significant concenffa~Jon$ of petroleum and other potentiaJly harmful product~.
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urban stormwater dischargers withtoxic, non-available forms. There-by" any amount for more than once¯
populations above I00,000, devel-fore, as discussed in the first article in three years represents a violation
oped a best management practicesin this series, excursions outside aof the NPDES permit and is subject
guidance manual, which was activewater quality standard based onto regulatory action. This definitif
in formulating a consensus approachtotal concentrations of chemicalis well known to be extremely oyez-
for reauthorization of the. urbanconstituents at the edge of amixingprotective since substantial viola-
stormwater runoff quality manage-zone for the stormwater runoff,tions of many Water qnality stan-
ment sections of the Clean Waterwhile causing an administrative out-dards can occur on a routine basis
Act, and assisted in the developmentof-limit quality situation in the. ambbwithout significantJy adversely
of state regulations and tmplementa-eat receiving waters,
tion guidance for urban and indnstri-does not necessaz~
al runoff monitoring and manage-cause a real designat-
ment practices. Though the leader-ecbuse impairment
ship of the. force, Canforaia is of these wate "aquaticrecognized as being one to twoFurther, the short- ,~alumn toyears ahead of many other states interm episodic nature ]0sure atimplementing the necessa~, pro- of most urban ,~.
grams. The cooperative consensus stotmwater z~uzoff
approach developed in Califorahz is ’ events means ttmt :~..: ; .
becoming a pattern for slm;l~r pro- the conventional
grams in other states. ’ standards used to

A z~view of the associated tedmi- regulate m~nicipal and indnstzial affecting the designated benefic~
cal issues led the task force to con- wast~w~ter dishes based on use of the waterbodies.
dude quite early in its deliberations their acute and chronic toxidty
that ud~an stonnw~ter nm0ff effects aqmtic life would over-regnlaxe the Tz~ak:a~/Va~l Wate~ qua~
must be ewlu~ed and-mamged in a toxic-avxil~ble fonus of chemical ~ ~ZZl~wat~ Rlm0ff
different way than has been constituents ia typical urban nmoff. . The Califomi~ Stomzw~ Qnaii-
employed for other point source dis- This is becanse the exposure time of ty T~k Fozx:e Ires ~dopted the posi-
chzz3es, such as municipal ~nd aquatic oz3anisms in the z~zg tion th~ ud)an stormwazer nmof
indusu~l effluents. Initially, this was w~ters for the szonnwazer nmof is, ~e z~.’qulz~ments should nor
motivated by the finding th~ con- considerably shozter tJ~n the peri- be based on meeting current
xentional tteatmen~ methods used od which the water �tu~tty sz~z- qu~lty s~zd~ds ~z the edge ot -
for munidIm[ and industrial waste- dszds were designed to ~ddress. mixing zone. The rusk force, in con-
water discharges could not be While the USEI)A’s water quality cri- nection with its work on £eautho-
applied to urban szo~mw~ter nmoff zeria trove, since the mid-1980s, uti- rization of the Clean Water Act,
because of the very high costs of lized a one-hour m~imum and four- joined with other groups in call~g
treatment to achieve cun~.nt water day. avenge concenu~tion for for the US]EPA to develop technically
quality smudaz~ at the edge of the . implementing requite.merits to con- waid wate~ quit)- critez~ and state
mixing zone in the receiving waten. Izol acute and e.bronic toxicity to standsxds t]mt could be used to con-

’ ,’ aquatic life, it is well known that fortrol real water quality problems asso-
~a~nl~/I/~lfl ~ essentially _all chemical constituentselated with urban stormwater

Coincident with gaining anthese’periods are grossly exaggerat-runoff. In the latest proposed revi-
understanding of the very" lfigh costsed in terms of protecting the desig-sions of the Clean Water Act’s
associated with trying to follow thehated beneficial uses of waterbodiesstormwater quah’ty management sec-
conventional wastewater manage-from aquatic organisms of potentialtion, a consensus among various’
ment practices used to comply withconcern at the edge of a point orinterested agencies and entities
ambienx water quality standards, thenon-point source discharge mixingcaged for a ten-year moratorium in
task force members came to thezone’, the application of water quality start-
realization that attempting to man-Basically, it is virtually impossibledaids to urban stormwater runoff.

¯ age chemical constituents in urbanfor aq~tic organisms in the receiv- DurL~.g the moratorium, the
stormwater runoff similarly woulding waters’ watercolumn to receiveUSEPA .wocld be provided with $10
result in massive over-regulation ofan acute or chronic duration ofmillion per year, for a total of $100
the chemical constituents in theexposure at the edgd of the mixingmillion, to conduct research which
runof. This in turn would result inzone. The USEPA recently acknowl-would lead to development of an
large-scale waste of public and pri-edged this problem and is .changingappropriate stormwater quality crite-
rate funds for treating this runofftothe exposure period against’which.rla, an an approach that could be
meet the quality standards. It hasthe water quality criteria, and theused by the states to implement
been known since the mid-1960sstate standards based on them, arethese criteria in the NPDES pe"
that many of the chemical con-Implemented. The agency also is insystem governing s’tormg
stiments in urban~stormwater- the process of changing the allowedrunof. These criteria would be
runoff, as well as in the nmoff fromfrequency of violations. Today, adesigned to protect desi ’.gg.ated ben-
rural ’areas, were pr~ent in non-violation of a water quality standardeficial uses of receiving waters from
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impairment by chemical con-runoff from industrial properties can ical constituents in aquatic sediments
stituents in urban stormwater runoff exceed various NURP walues, as wealcan be toxic or otherwise available to
without significant unnecessary as USEPA water quality criteria/start- adversely affect the designated bene-
expenditures for chemical con-dards, by cousiderable amounts, andtidal uses of the waterbody in which
stituent control in this runoff, still not be adverse to the beneficial,the sediments are located. While

These criteria would need to be uses of the waterbodies which the there may be a desire to regulate in
consistent with wet weather start- runoff enters. A significantly differ- terms of the chemicals associated
dards, such that during the period of ent approach needs to be developedwith deposited sediments through
a runoff event, the concentrations of at the federal and state levels to pro-water quality criteria and standards,
chemical constituents in the runoff tect surfaee and groundwater quality such an approach is not appropriate
would be allowed to exceed om’e~tassociated with industrial stormwa- and faiB to recognize the aquatic
ambient water quality standards nearter nmoff ~ will protect the desig- chemistry and toxicology of sedi-
the point of discharge period. ~ hated beneficial uses of receiving ment-associated contaminants.
technically.valid approach should be waterbodies without wasting funds Two principal water quality con-
followed in developing regulatory on ineffective or inappropriate con-ceres are associated with chemicals
approaches for controlling real trol programs, in sediments. One is the potential for
water quality problems associated toxicity effects on benthic and
with urban stormwater runoff, l~tt~tt ~ ~ epibenthic organisms within or

Also, these could be wet weather ~f [Itlttttl~i [Itlttl~tl~ ill gttt~ttttttt upon the sediments. The second is
standards where, during the period .Referring again to the previous the potential for some sediment-
of a runoff event, the concentrations article in this series (April WEM), borne chemicals to accumulate to
of chemical constituents in the we diso~ed the potential signifi- excessive ieveis in benthic and
runoff would be allowed to exceedcanee of particulate matter inepibenthic organisms that can serve
current ambient water quality stan- stormwater runoff on receiving as food for higher trophic-level
dards near the point of discharge, water quality. There are two princi-organisms, such as other aquatic
provided that over-the-limit excur- pal areas of concern. One is the par-life, man and terrestrial wildlife. The
sions do not cause sigtxificant impair- ticulates themselves, irrespective of accumulation of chlorinated hydro-
ment of the designated beneficial .. carbon pesticides,
uses of the waterbody. This is a tech- PCBs and mercury
nically appropriate approach that in fish flesh, caus-
should be followed in developing ing the fish to be
regulatory means for controlling real

aS we|l aS
considered unsuit-

water quality problem~ a~ociated able for use as
y~ith urban runoff, l~ t~0nslfler- human food, is an

example of this
~ ~ttt’lltW~ RIItt~ type of problem.

While there is widespread agree- Since the mid-
ment that the current ambient water 1970s the USEPA
qm’tlity standards should not be and the US Army
applied to urban stormwater nmoff, their chemical characteristics. TheCorps of Engineers have been regu-
the USEPA and the states are apply-other is ti~_e chemicals of concernlating contaminated sediments asso-
ing these standards to industrial associated with the sediments asdated with navigational dredging of
stormwater runoff at the edge of theprecipitates and attached to the US waterways. Based on the results
property. This is not technically particle surfaces. Chemical com-of the Corps’ Dredged Materials
appropriate and results in over-regnv pounds associated with particulates Research Program in the 1970s,
lation of the associated chemicalsare typically non-toxic and non- where it was found that concentra-
contained in the runoff. Similarly, available and, therefore, should nottions of chemicals in sediments
significant over-regulation of be regulated in term~ of the receiv-were not reliable indicators of water
stormwater discharges for industrial ing waters’ quality standards, These quality, the Agency and the Corps
sites covered by the USEPA’s multi-standards are applicable to thedeveloped biological effects-based
sector permit is occurring. The water column. They do not constd- contaminated sediment evaluation
Agency’s proposed idea of using er the potential effects of contained criteria. Rather than trying to esti-
benchmark values based on waterchemical constituents on suspend- mate sediment toxicity based on
quality criteria and its National ed sediments in stortfiwater runoff chemical characteristics (an unreliable
Urban Runoff Program (NUKP) stud-that become part .of the depositedmethod), direct measurements with
ies also is technically invalid, and (bedded) sediments, toxicity tests are used
will result in significant over-regula- It is well known that while most Assessing the potential for bioac-
tion of many industrial stormwater chemicals in sediments are detoxi-cumulation of sediment-bound
discharges, and wasted funds devot- fled, i.e. non-toxic, non-available,chemical compounds in higher
ed to inappropriate monitoring there are situations where the detox-trophic level organisms requires
activities, ificafion capadty of the sediment is measurement of actual accumula-

Concentt’afions of chemicals in exceeded, with the result that chem- tions that occur in the tissues of

40 WATER/F.nginee, ing & Management, APRIL 1995

D--044405
D-044405



desirable organisms in the water- The Long and Morgan ER-M co- determined by site-specific stud-
body of concern. There is no reii- occurence-based values are consid-les, in this case of the Santa Moni-
able approach available today toe.red by many to be tmreliable indi-ca Bay area.
predict, based on sediment concert-cator~ for establish-
trations, whether a particular con-ing the toxicity of
stituent, such as mercury, will heavy metals and
bioaccumulate in aquatic organ-other constituents
isms that may be a source of foodof aquatic sedi- Of a
for man to a suffident degree to bements. The ER-M
potentially harmful if consumed, values are based on t~t

To determine if there is a need -total concentra- higher
to control the chemical con- fions. It ha, been
stituents of runoff sediments, it is lmown for over 25
necessary-to conduct site-specific years that there is
investigations of how the bedded no relationship
sediment contaminants are affect-between the total concentration of If the issue of concern is heavy
ing the designated beneficial usesa chemical constituent in sedi-metal toxicity in aquatic sediments,
of the associated waterbody. There ments and that constituent’s effect then measurements of toxicity.
is no reliable way at this time, andon aquatic life toxicity, or its avail- should be made. If the sediments
none is foreseen in the near future,ability for bioaccumlation in the ~ are in fact toxic, then TIE studies
to predict, based on concentrations sue of higher trophic level aquatic should be conducted to determine
of sediment-associated constituents org _anisms. if the source is chemical contami-
in stormwater runoff, the potential Managers of the Santa Monica ~tion in the stormwater runoff
effects these compounds would Bay Restoration Project assumedbefore any large expenditure of
have on the receiving water’s qual-that since heavy metals in somepublic funds is committed. Further,
ity when the suspended sedimentwastewater sources were toxic tobefore structural BlVIPs are adopted
of concern becomes.part of theaquatic life, the heavy metals inin a Bay restoration plan based on
bedded sediments, urban stormwater runoff from contamination control, identifica-

streets and highways in the local tion of specific causes of sediment
~itta ~ I~y ll~l~]l’lll~ ~      watershed also had to be signifi-toxicity should be accomplishr

Recently, the Santa Monica Bay, canfly toxic to aquatic life if their Subsequently, source control of
California, Restoration Project haswere present in the Bay’s sedi-offending constituents should be
adopted a restoration plan thatmerits. Even though the project implemented. If it is then
~ for the expenditure of $42 rail-team, the Water Resources Controllished that source control is not suf-
lion over a five year period for theBoard and the LISEPA’s Region IXflcient to avoid impairment of the
development of struc.tural best staff were made aware of the unre-designated beneficial uses of Santa
management practices (BMPs) forliability of the test method used to Monica Bay waters, treatment of
the control of selected chemicalestablish the need to control cer-the stormwater runoff can be
constituent~. Examples are severalrain heavy metals, these agenciesadopted as an appropriare method
heavy metaB in urban stormwaterchoose to ignore the large mountfor restoring the Bay. []
runoff in the Santa Monica Bay of information in the aquatic chem-
watershed. Review of the technicalistry .and aquatic toxicology litera- ~t~ut th,

¢i. Fred I~e, Ph.D., P.F_, D.E.~.. ~d Annebasis for development of this ture that shows that ~-M values Jo~e$4~e, Ph.D., ~r~ president ~nd
restoration plan shows that it was should not be used as a basis fort~t r~s~t~ty o~ �~. F~ t~ & ~o~ate~.

tl~lty ~nvtronmental ~onsulting firm Iocmt,d Inbased on the finding that since establishing re~atot’~" prol~ralxts. ~ M~ro,
urban stormwater runoff typically The ER-M values are ~ to use, ’
has elevated concentrations ofbut they are not technically appro-
heavy metals (e.g. copper, zinc,priate for this situation, r~, ~ ~ m t~ ~ ~ 874
cadmium, nickel, lead, chromium, The development of the expen-
shyer), and that some of these acoa-sire Santa Monica Bay Restoration
mulate in Santa Monica Bay sedi-Project’s Plan of Action to estab-
ments to concentrations that lish chemical contaminant control To conclude the series on urban
exceed the arbitrarily establishedusing structural BMPs without first ~tormwater runoJ~ management, a
Long and Morgan ER-M values. This finding a real stormwater runoff third article will bepubltshed in the
component of the Bay restoration quality problem is becoming rec-May issue of WEM. It uallfocus on
plan focuses on the presence ofognized as an example of how sed-stormwater monitoring and model-
chemicals in the area’s stormwateriment data should not be used to tng, the importance of aqua~
runoff and in Bay sediments at ele-evaluate the potential effect ofplant nutrients that cause w
vated concentrations, irrespective contained heavy metals. Obviously quality tmt~atrment in .receiw,,a
of whether these concentrations before a waterbod¥ restorationwaters, and on sediments that
are adverse to the designated bene-plan is developed, a real wateraccumulate aa bazardou* wastes
ficial uses. quality/use impairment should be trg for instance, detention basin�.
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Water Engineering & Management 142(5):51-53 (1995)

Issues in Managing
Urban Stormwater Runoff Quality

by Dz,. £ ~ed Lee and D~,. Anne Jm~es-I.ee

1be third and final article in a ever, on the available form~ of phos-being done provides essentially no
series addressing urban stormwater phorus found in this nmoff to beuseful information on the potential
runoff deals with such issues as able to estimate the quantities ofeffects of the associated chemical
monitoring and modeling, highway algal-available P in a rtmoff water, constituents on receiving water qual-
runoff, classification of stormwater Normally, this is equal to the solubleity. Grabbing a few samples of runoff
sediments as hazardo.us wastes, orthophosphate plus about 20 per-from a few storms over a year and
and the significance "of. aquatic cent of the particulate phosphorus,analyzing them for a few indicator
plant nutrients and aquatic life tax- Some groups are calling for a ban parameters does not properly char-
tcity testing. The first two articles, on the use. of lawn fertilizers in acterize the concentrations of total
which appeared in the Nlarcl~ and urban areas in an effort to tr~ to chemical constituents of potential
April issues of WEM, discussed a reduce the phosphortm content ofconcerh, much less the concentra-
number of the technical issues to be urban stormwater runoff. AS in the r.ions of toxic-available chemical con-
be considered in developing a case of other chemical constituents stituents that could be adverse to the
stormwater runoff water quality in such runoff, site-specific studies designated beneficial uses of the
managementlrrogrart~ have to be conducted to determinereceiving waters.

whether controlling the phosphorus About all that can be said for the
~aatlc Plant Hulrlentl to a certain extent will have a signif- current urban stormwater runoff

The aquatic plant nutrients, nitro- icant effect on the water quality- quality monitoring program is that it
gen (N) and phosphorus t’P) corn- related beneficial uses of the receiv- confirms what is already known.
pounds, are of potential concern ining water. It has been found that to Based on total constituent analysis,
urban stormwater runoff due to their change the degree of eutrophicationthere are chemicals in runoff from
ability to stimulate excessive growth of a waterbody to a perceptible urban are~ at concentrations that
of aquatic plants in receiving waters,amount, it is necessary to reduce theexceed the USEPA’s water quality.
The eutrophication (fertilization) of quantity .of algal-available P .enteringcriteria, and state standards based on
a waterbody can be significantly the waterbody by about 25 percent,these. However, as discussed in Part
detrimental to water quality-related It is unlikeiy that curtailing the use of I, exceeding a state water quality.
beneficial uses. It was found in the lawn fertilizers will have a significant standard for a contained chemical in
1970s that urban stormwater runoffimpact on most waterbodies sincea runoff does not mean that a desig-
contains about 100 times the totalsuch fertilizers represent a small partmated benefidal use impairment will
concentrations of phosphorus thatof the total phosphorus load inoccur in the receiving waters. To
are typically derived from stormwa- urban runoff. Further, excep.t for make that assessment, it is necessar~
ter runoff from forested areas, and some urban lakes which e~sentlallyto conduct site-specific evaluations
about 10 times the amounts con-receive only this type of runoff, it of the effect of runoff-associated
tributed from many agricultural will be unlikely that reducing the constituents on the beneficial uses.
areas. It was also found then thatamounts of nitrogen and phospho- The California Stormwater Quail-
substantial portions of the nitrogen,t’us will significantly improve the ty Task Force has been working
and phosphorus components are ineutrophication-relatedquality of toward modifying the monitoring
particulate forms that are not avail- waterbodies, program requirements so that a
able to support aquatic plant number of stormwater management
growth. ~larmwnter Run0l! M0nttorin¢ agencies could pool their monitor-

As with most other chemical con- Primary emphasis in stormwater ing resources to develop a fund that
stituents in urban stormwater runoff, runoff quality management pro- cou/d be used to conduct site-specff-
the total concentrations of a con-grams today is being given to moni-ic evaluations. Rather than collecting
stituent, such as nitrogen or phos-toting for selected paramere.rs. A additional stormwater quality data
phorus, is an urtrellable indicator ofcritical review of the .typical pro- on the concentrations of selected
potential water quality problems,gram, however, shows that thechemicals, it is more tectmically
Sufficient wo.rk has been done, how- extent and degree of monitoringappropriate and cost-effective to use
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the monltorinlg funds to define stormwarer inlet structures. At this available that can reliably assess
whether real water quality usetime emphasis in implementingstormwater quality effects.
impairments are, in fact, occurringBMPs for highways should be based Some have asserted that equilibri-
in receiving waters, on litter control and the control of m-based water chemistry model�

erosion associated with new high- such as the USEPA’s MINTEQ mod,
I, HUIwvay Rimoff Effects way construction. There is no tech- can be used to predict the concen-

Several years ago, the Federalnical justification to assume that con-’ trations of toxic-available forms of
Highway Administration(1~IA)spon- structinlg detention basins, grassy chemical constituents in urban
sored a number of studies devoted toswales, etc., for "treatment" of high- stormwater runoff. Such. assertions
evaluating the water quality signifi- way runoff is in fact controllinlg pol- are technically invalid since many of
cance of chemical constituents in lutants that are significantly detri- the particulate forms of chemicals
highway runoff. It has been known mental to beneficial uses. Bdore anyfound in urban runoffhave unknown
since the 1960s that runoff fromstructural BMPs are const_n~cted to chemical characteristics and for
urban streets and highways contains treat runoff, site-specific investiga-which there are no thermodynamic
high concentrations of chemicals tions should be conducted that equilibrium data. At this time, the
that, if in toxic-available forms, could demonstrate that there is a realonly reliable approach for assessing
have significant adverse effects on,water quality use-impairment as.sod-whether a particular runoff Water
beneficial uses of receiving Water- ated with the current runoff. Where will be toxic to aquatic life is through
bodies. However, the work done in"such problems are found, then the direct measurement of toxicity.
the 1960s showed that many of theefforts should be made to try to con- This cannot be accomplished with
chemicals from streets and highwaystrol them through controlling the chemical measurements.
were in non-toxic, non-availablespecific causes of the use impair- Because of the variable concen-
forms. This. meant it was not possi-" .ment. It is unlikely that conventional trations of chemical constituents in
ble to relate the analytically-inca-structtwal BMPs will be effective in urban stormwater runoff, various
sured concentrations of these corn- addressing these types of situations, investigators have attempted to char-
pounds to water quality, acterize the concentrations found in

Unfortunately, those responsible ~l~ll~al1~r Qutll~ M0d~-[lllu a runoff event through the use of
for conducting the mid-1980s studies A substantial literature has accu- what is calied an event mean con-
for the FHA did not properly evaluate muLated on the subject of stormwa-centration. While such an .approach
whether the elevated concentrationster quality modeling. Sophisticated makes modeling of an event for total
of chemicals in highway runoff were computer models have been devel-constituents easier to achieve, it fail�
in forms that could adversely affect oped which are said to provide infor- to properly address how chemic
the receiving water quality. The mation pertinent to urban stormwa- constituents in urban, highway anu
authors of these studies Labeled aliter quality impact evaluation and other stormwater runoff sources
constituents as pollutants, without management. However, a criticalinfluence aquatic life-related benefi-
finl~ug a case of water pollution (use review of these models shows theycial uses of waterbodies. It has been
impairment) in their studies, are simply chemical constituentknown since the 1960s that aquatic

The inappropriate labeling of models that can describe to someorganisms respond to the concentra-
these materials as pollutants is con-extent the total concentrations of tion of available form/duration of
tributing to significant problems for selected chemical constituents atexposure relationship that they
federal and state .highway depart-some location in the stormwaterexperience. The event mean con-
ments. Environmental groups are ill-runoff system. To be able to relatecentration for a stormwater runoff
ing suit against them to have the the concentrations predicted based event is not a reliable approach for
courts force them to control "pollh- on such models, it is necessary toassessing the potential effects of
tion" from highway runoff arising conduct site-specific evaluations of chemical constituents on aquatic
from the elevated concentrations of the relationships between the total life, and should be abandoned.
alleged "poLlutants." Experienceconcentrations of the constituents of
shows it would be rare where high-potential concern and the toxic- BUllet[ ToXle-II~
Way and street runoff-associated available forms in stormwater runoff S.ince it is not possible to reliably
chemicals would have any signifi- from a particular hrea. predict, using chemical measure-
cant adverse impact on designated Further, there is need to relate the’ments, whether a chemical con-
beneficial uses. The fact that heavyconcentration of toxic-available stituent in stormw.ater runoff is toxic
metals and other runoff chemicalsforms in stormwater runoff to site- to. aquatic life in receiving waters,
are in non-toxic forms, coupled withspecific use impairments" in the the use of aquatic life toxicity tests is
the short-term episodic nature of" receiving waters. The current mod-beginning to be more widely prac-
runoff events, suggests it is rare that eis do not provide this .type of in/or- ticed. These tests can be used to
these compounds are real pollutantsmation. To be true stormwater qual-determine whether the regulated as
that should be controLled using best ity models, they must incorporate well as the unregulated chemicals in
management practices (BMPs). basic information from aquatic runoff present a potentiaLly sigr

Highway litter, however, can chemistry and aquatic toxicology as cant threat to aquatic life due to
cause significant impairment if itthey. relate to the true water quality.. icity. Caution, however, must be
fmds its way into receiving water-effects of stormwater-derived chemi-exercised in the interpretation of
bodies. This litter also can con- cal constituents. It could be many results. The toxicity tests typically
tribute to flooding by blocking years before such models wiLl beused significantly overestimate the
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actual toxicity since thei~ duration other purposes for which it k~ inap- narfly, thi~ Ic-~d, odg~n~Jy
provides longer exposure to aquatic propriate and w~ not intended. A from its additive use in leaded g~so-
org~zisms th~n they normally ar~sediment or soil that passes theline, does not leach sufficiently in
exposed to in receiving waters. Ordi-TCLP test can be h~zardous to public~he TCLP test to ~xceed the US~A’s
narily, the runoff is rapidly diluted, health and the environment depend- arbitrary 5 mg/1 hazardous waste
with an associated loss of toxicity, ing on how it is managed, classification limit. It does frequently
The aquatic life toxicity tests of the Another common mistake madecause sediments to exceed the Call-
type available today should only be in using the TCLP test is to assumefomia Title 22 limit of 1,000 mg/kg
used as a screen for potential toxici-that a material classified as haz-for classification as hazardous waste.
ty. They should not be used as a ardous according to TCLP also The approach that should be used
direct regulatory limit. If toxicity is would be tmzardous to aquatic life. to evaluate potential public health
found, then site specific investiga- TCLP classification is based on the and environmental effects of chemi-
tions should be conducted to con- le.~ching of selected chemicals fromcat compounds present in sediments
firm the information, solid material under certain condi-which collect in stormwater treat-

- - fions which mimic to some extentment structures installed as BMPs IS
Sto~mwater Runoff Sediments the .environment present in a munic-to make a site-specific evaluation of
as Hazapdoue Waste ipal solid waste Im~dfdl: where the the hazards that these chemicals rep-

Increasing concern is evolving concern is that the le~ched con- resent at the various locations where
about the potential for stormwater ~titg.ents would bed~me pan of athe sediments accumulate. Those
runoff sediments that accumulate ingroundwater-based domestic waterwho are concerned with stormwater
detention basins, highway drop supply. This app..r~..~ch has no rela-rtmoff quality and regulations on a
inlets, grassy s-wales, etc., being clas-tionship to whether the material is daily basis should work with federal
sifted as a hazardous waste becausehazardous to aq’datic or terrestrial~d state agencies to eliminate the
of excessive concentrations oflife. Tile TCLP tes~ f.o.’cuses.primm~Iyuse of the arbitrm-y approaches
chemical constituents. Classification on the potential for chemical con- ~e in effect today for classification
of a stormwater detention basin sed-stituents to cause, cancer in peopleof stormwater-derived sedimems as
iment as a hazardous waste can rep-who are exposed over their IRetime~ous waste.
resent a significant increase in thethrough drinking water. These con-
cost of managing the sediments,stituents are primarily Priority Poilu- Aa 0verag Vlew
Often managing a hazardous wasterants. The critical concentrations for The implementation .of the 1~87
costs about 10 to 50 times more thanmany of these regdL~t~d ~n’ough the Clean Water Act requirement for
using them as fill or placing them inTCLP test have no relatiouship to the controlling pollution of the nation’s
municipal solid v,~aste landfiIB. The critical concentrations f6r the samewaters by urban and industrial
USEPA, as part of implementingconstituents to aquatic life. In some stormwater runoff is challenged by a
R~A, has developed various proce-cases aquatic life is more sensitive,number of complex technical Issues.
dures for class" .flying materials such and in others less sensitive than the They need to be resolved before
as soils and sediments as hazardousTCLP values, their can be cost-effective manage-
waste. ~hile there is potential con- Detention basin sediments classi- ment of the real water quality prob-
cem about stormwater sedimentsfled as hazardous waste is an evenlems associated with stormwater
from certain types of industrial prop- more complicated issue in somerunoff. Much remains to be done to
erties being classified as a hazardousstates. California has developed itsdevelop specific approaches that
waste based on the origin of the sed-own set of hazardous waste classifi-can be used to control stormwater
iment (the Derived-From Rule), thecation values. It uses a somewhat dif-runoff-caused pollution to the m.~xi-
gre.~test concern for urban stormwa-ferent le~ching test and also has a setmum extent practicable. The key
ter sediments collected in structuralof total concentrations of chemical issue in developing an effective man-
BMPs is the le~ching characteristicsconstituents in sediments or soil agement program is whether current
under the Toxicity Characteristicswhich define the sediment or soil as stormwater runoff quality" is in fact
Leaching Procedure CI"CLP) test. l’mzardous. A detention basin ’sedi-having significant adverse effects on

This test was developed as anment that passea the TCLP test maydesignated beneficial uses of receiv-
administrative test to be used to fail California’s Title 22 ~zardousing bodies of water. Failing to prop-
determine whether a solid wastewasm classification and would haveerly define th real pollution prob-
should be pl~ced in a hazardousto be managed as a hazardous waste,lems. of stormwater runbff could.
~aste landf’dl or in a’munici~)al land-However,. independent of the arhi- result in excessive waste of public
fill. The Agency. was not trying to trariness of these classification vat- ;rod private funds in the regulator)."
reliably delineate whether a materialues, they are regulatory require-effort. ¯
in a sediment or soil is hazardous,ments that must be considered in
l~ther, it Was trying to limit the size the management of stormwater f~ ~0~ ~�0~ m~ ~ ~’t ~ ~.~ ~ ¯
of the hazardous waste stream thatdetention basin sediments. ~ m ~ ~ m’~ ~
had to be managed as hazardous Lead is of great concern R it is
waste where the focus of thecontained in detention basin sedi- About lh~ Authors:
resources available would be onments. Urban soils and soils near~. Fred [_~a. Ph.D.. P.E.. D.E.E.. an0 Ann~
those wastes that represent thehighways often contain lead at con- Jones-Leo. Ph.D.. aro Dra$idan! and

greatest hazard. Unfortunately, this centrations Of at least ~00 and fre-
dont r~spac[iv~Iy of G. F¢~d [-~ & Associates. a

¯ specialty ~nvironm~n~a~ consulting] firm localao
test is being used for a varie~." of quentiy 1.000-I,500 mg/kg. Ordi-a~ ~acom, California.
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Stormwater Runoff Quality and Related Studies            o.
Conducted by G. Fred Lee

30 years of university teaching and research with extensive research on toxic-available forms oT-
chemical constituents in non-point source runoff

¯ 1960’s ¯ Impact of urban .stormwater runoff on Madison, WI and other WI lakes; US-
’ Canadian Great Lakes and in Rochester, NY

¯Evaluate nitrogen and phosphorus loads from urban areas and their water quality
impacts

_ _ ¯ Develop approaches for assessing available forms of chemical constituents in runoff
waters

¯Evaluate chemical constituent loads from atmospheric sources and the potential
impacts on water quality

¯Impact of wetlands on water quality
¯Impact of development of recreational lakes on water quality

1970’s ¯ Dallas, TX - Lake Ray Hubbard watershed runoff impacts
¯Western Europe and North America’OECD eutrophication studies of about 200

lakes, reservoirs and several estuaries
¯Developed nutrient export coefficients from various types of land use
¯North Adriatic Coast of Italy - evaluate causes of excessive fertilization of

nearshore waters

1980’s ¯ City and County of Denver, CO - urban lakes and rivers ..
¯Fort Collins, CO - Spring Creek and several urban lakes ’
¯City of Lubbock, TX - chain of lakes, sanitary quality and chemical quality

¯ ¯ State of Florida - Impact of wetlands on the Kissimmee River system downstream
¯water quality
¯NY Harbor, NJ Shore sanitary quality, urban lakes - watershed runoff on water

quality
¯USSR, Argemit~a, Dominican Republic, Jordan, Israel, Japan, South Africa -

reservoirs

1990’s ¯ Lake Tahoe, CA - evaluate the impact of development on water quality
’ ¯ City of Hammond, IN - impact of CSO’s on sediment quality
¯ San Francisco.Bay - evaluate water quality significance of copper

,.¯Santa Moniea Bay - evaluate impact of urban stormwater runoff-associated heavy
metals on Bay water quality.

¯San Diego Bay - evaluate impact of copper ore spill on water quality
¯Rocketdyne - Canoga park, CA - review NPDES permit for stormwater runoff
¯Participant in CA .Storm Water Quality Task Force
¯Developed BMP’s to manage stormwater runoff from new highway in Orange

County, CA.                                              ..

Numerous professional papers and reports were developed on these studies. A list is available upon
request. Additional information on these activities is also available upon request.            -
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